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A module having a microwave circuit carrier with ribbon conductors for both the fifty ohm transmission line and 
ground connections. The carrier has a platform raised from the floor of the carrier at the outside interfacing edges. A 
ribbon conductor is welded between the raised lips on abutting carriers to form a uniform ground plane accessible to 
top assembly. A second ribbon is welded between RF conductors on substrates in the respective carriers and spans 
over the interface and the ribbon ground plane. By proper choice of ribbon conductor widths and the spanning 
height above the ground plane, a fifty ohm impedance can be maintained. 



BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

The invention relates generally to microwave amplifier assemblies and more specifically to methods and apparatus 
for modular assembly interconnections that have a low Voltage Standing Wave Ratio (VSWR) at eighteen GHz and 
above. 

2. Description of the Prior Art 

Gallium-arsenide (GaAs) field-effect transistor (FET) microwave amplifiers which cover the 0.5 GHz to twenty GHz 
band, and with output powers up to to two watts, are available from several manufacturers including Watkins- 
Johnson, Celeritek, and Avantek. Both balanced and feedback techniques are used with thin-film MIC and MMIC 
construction to achieve broadband performance. Typical amplifier designs are qualified and operated in the 
environments of MIL-STD-883 (space), MIL-E-5400 (airborne), MIL-E-16400 (shipboard), and MIL-E-4158 
(ground). Some units are even tested to Hardness Assurance Lot Acceptance Test (HALAT) for space and 
strategic radiation dose tolerance levels. 

Watkins- Johnson (Palo Alto, CA) manufactures ultra wideband small signal and power amplifiers for the 2-18 GHz 
band using a "matrix amplifier," which is reported in the March 1987 IEEE MTT Transactions. See, K. B. Niclas, R. 
R. Pereia, A. J. Graven, and A. P. Chang, "Design and Performance of a New Multi-octave High-gain Amplifier," 
1987 IEEE MTT-S International Microwave Symposium Digest, pp.829-832. MMIC's and replaceable connectors 
are typically used in such amplifiers. 

Celeritek (San Jose, CA) sells a line of "balanced amplifier" designs, models CMA and CMT, manufactured with 
MIC technology. The balanced design is promoted by Celeritek to improve interstage matching so several gain 
stages can be cascaded to achieve high gain while maintaining flat gain response. Three versions of amplifiers are 
available for operation from 18-26 GHz, 26-40 GHz, and over the full 18-40 GHz bandwidth. Units are assembled 
with interchangeable gain modules, allowing users to choose the amount of gain needed for particular applications. 
Two types of Celeritek FET's are used in the amplifiers, 150-.mu.m devices that yield 5-dB gain, and 300-.mu.m 
devices that deliver about 4-dB gain per stage. Cases for the CMT and CMA amplifiers use welded seals, glass-to- 
metal feedthroughs, and "K" type field replaceable connectors, with 2.4 mm coaxial connectors and waveguide 
interface connectors available as options. 

Avantek (San Jose, CA) produces a line of wideband millimeter amplifiers known as the AMT/AWT series. This 
series performs over octave (AMT) and multi-octave (AWT) bands. The Avantek IK series packaging is a 
hermetically-sealed machined aluminum housing having optional waveguide and field-replaceable three millimeter 
coaxial connectors. The case length varies depending on the amount of gain and number of functions included. 



Abstract 
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In the prior art, it has been difficult to design amplifiers and subsystems using "modular construction" at 
frequencies above eighteen GHz, due to RF matching problems between modules. ("Modular construction" means 
building a unit meeting complex specifications from a supply of independently assembled, tuned, and tested 
modules designed to perform simple generic functions.) Modules consisting of substrates and chip components 
mounted on a metal carrier have problems maintaining a fifty ohm impedance in the region between modules. (The 
metal carrier is the mechanical and thermal base, as well as the RF ground plane.) 

FIGS. 1(a)-(d) illustrate a typical coax case, referred to by the general reference numeral 10. The case 10 has a 
housing 1 1, an input coax connector 12, an output coax connector 14, and a DC power input 16. In FIGS. 1(b) and 
1 (c), a series of three amplifier modules, 1 8, 20, and 22, are inside housing 1 1 . Module 1 8 is wire bonded to coax 
connector 12 and module 20 with wire bonds 24. Modules 20 and 22, and coax connector 14 are similarly 
interconnected with wire bonds 24. Modules 18, 20, and 22 may comprise dielectric substrates on metal carriers or 
may be just the substrate itself. In either event, the modules 18, 20, and 22 are bonded to the floor inside housing 
11. 

In FIG. 2, the wire bond 24 connections between modules 18, 20, and 22 are shown in greater detail. In the prior 
art, wire bonds 24 are ordinary round gage bonding wire, although ribbon or mesh are also used. The wire bonds 
24 simply span over the space between the modules 18, 20, and 22. Ground paths are represented by arrows 26. 
Each of modules 18, 20, and 22 are comprised of a substrate 28 and a carrier 30. Above eighteen GHz, the prior 
art construction method shown in FIG. 2 will no longer operate satisfactorily. The wire bonds 24 have a 
prohibitively high impedance due to the air between modules acting as a dielectric, the small wire bond 24 size, the 
distance to ground in housing 1 1 , and the distance between substrates 28. Multiple ribbons or wire bonds 24 
reduce the impedance somewhat, but it remains well above fifty ohms. The ground paths 26 are electrically very 
long and cause problems, including that of having to optimize the thickness of carriers 30 to keep ground paths 
short. Thinner is better for the ground path, but too thin a carrier 30 can lead to substrate 28 cracking because 
carrier 30 is not a rigid enough support. In some cases, the carriers 30 have been eliminated, and the substrates 
28 attached directly to housing 1 1 . This shortens the ground paths 26 somewhat, but the impedance of the wire 
bonds 24 remains high. One problem with attaching substrates 28 directly to housing 1 1 with various solders is if 
any one module 18, 20, or 22 is defective, removal and replacement of that module is not practical and the entire 
assembly of case 10 is also defective and is wasted. If conductive epoxy attachment is used, modules may be 
removed, but the conductivity of the epoxy joint at the substrate 28 to housing 1 1 interface becomes critical and is 
difficult to manufacture reliably. 

SUMMARY OF THE PRESENT INVENTION 

It is therefore an object of the present invention to provide modules that are capable of modular construction at 
frequencies above eighteen GHz and that do not exhibit RF matching problems between the modules. 

It is a further object of the present invention to build modules comprising substrates and chip components mounted 
on a metal carrier which maintain a fifty ohm impedance in the region between modules. 

It is a further object of the present invention to be able to independently assemble, tune, and test modules 
designed to perform simple generic functions. 

Briefly, a preferred embodiment of the present invention comprises an amplifier module having a metal, microwave 
circuit carrier with ribbon conductors for both fifty ohm transmission line and ground connections. The carrier has a 
lip raised from the floor of the carrier at the outside interfacing edges. A ribbon conductor is welded between the 
raised lips on abutting carriers to form a uniform ground plane accessible to top assembly. A second ribbon 
conductor is welded between RF conductors on substrates on the respective carriers, and spans over the interface 
and the ribbon conductor ground plane. By proper choice of (1) the second ribbon conductor's width, and (2) the 
spanning height above the ground plane, a fifty ohm impedance can be maintained. 

An advantage of the present invention is that a fifty ohm impedance can be maintained in joining modules within a 
case or housing, resulting in low VSWR's. 

Another advantage of the present invention is that VSWR performance is not degraded with larger module 
spacings and longer ribbons, making performance more tolerant of module spacing variations in assembly and 
allowing access to module carriers for removal. 

Another advantage of the present invention is that top assembly is practical, and thus manufacturing is simplified. 

Another advantage of the present invention is that standard thin-film design and manufacturing techniques can be 
used. 

Another advantage of the present invention is that module carriers having circuit substrates can be thicker and 
optimized for purposes other than shortening the ground return path. 

Another advantage of the present invention is that the attachment of the carrier to the housing is no longer critical 
at microwave frequencies, since ground currents are conducted through the ribbon between carriers. 

Another advantage of the present invention is that ground access is at the top edge of a module where it normally 
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wasn't available, and this simplifies and improves input and output coaxial and other connections. 

These and other objects and advantages of the present invention will no doubt become obvious to those of 
ordinary skill in the art after having read the following detailed description of the preferred embodiments which are 
illustrated in the various drawing figures. 



IN THE DRAWINGS 

FIG. 1 is a prior art GaAs FET amplifier microwave assembly case having (a) a bottom view, (b) a side view, (c) a 
top view with a cover to the case removed revealing modules inside, and (d) an end view; 

FIG. 2 is a side view detail of the modules and wire bonds in FIG. 1(b); 

FIG. 3 is (a) a side view of a group of three modules and (b) a perspective view of the three modules, all built 
according to the present invention; 

FIG. 4 is (a) a top view, and (b) a side view of the ribbon connector 64 of FIGS. 3(a) and 3(b); 

FIG. 5 is (a) a top view, (b) a side view, and (c) an end view of a preferred embodiment of a housing made in 
accordance with the present invention; 

FIG. 6 is a cross-sectional view of the housing in FIG. 5 taken along the lines 6-6; 
FIG. 7 is a cross-sectional view of the housing in FIG. 5 taken along the lines 7-7; 

FIG. 8 is a top assembly drawing of one third of the housing of FIG. 5, and shows microwave modules installed in 
the center cavity with support circuits in the outer cavities; 

FIG. 9 is a detail view of the module circled in FIG. 8 and labeled "Detail 9"; 

FIG. 10 is (a) a top view, (b) a side view, and (c) an end view of a carrier comprising the present invention; and 

FIG. 1 1 is a top view of a preferred embodiment of the present invention for modules with in-line input and output 
connections. 



DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

A preferred embodiment of the present invention comprises a number of modules having a carrier with ribbon 
conductors for both the fifty ohm transmission line and inter-module ground connections. In FIGS. 3(a) and 3(b), an 
amplifier, referred to by the general reference numeral 50, has a trio of modules 51 , each with a carrier 52 having a 
pair of lips 54 raised from a floor 56 on top of carrier 52. Carrier 52 is mounted inside a housing, e.g., housing 1 1 . 
The lips 54 are located at a pair of outside interfacing edges 58. Raising the lips 54 above the floor 56 helps control 
the flow of brazing material and gives greater access to ground from above modules 51 . A substrate 60, made of 
any suitable dielectric material, such as alumina, plastic, beryllia, ceramic, etc., is mounted to carrier 52. A ribbon 
conductor 62 is gap welded or conductively attached between the raised lips 54 on adjacent and abutting modules 
in the group of modules 51 to form a uniform ground plane in the spaces between. A second ribbon conductor 64 is 
welded to RF conductors on substrate 60. Ribbon conductor 64 spans over the interface of edges 58 at a critical 
distance over ribbon conductor 62 forming a microstrip transmission line with an air dielectric. The theory and 
equations governing this transmission medium are well known. By proper choice of ribbon conductor 64 widths and 
the spanning height above ribbon conductor 62, a fifty ohm impedance is maintained. A 0.020 inch wide ribbon 
with a 0.004 inch height gives approximately fifty ohms impedance. Lip 54 is typically raised 0.005 inches above 
the floor 56 for 0.010 inch thick substrates 60. Carrier 52 is typically 0.030 inches thick (including lip 54), 0.195 
inches long, and 0.135 inches wide. Carrier 52 is typically made of an iron-nickel-cobalt alloy whose chemical 
composition is controlled within narrow limits to assure a precise thermal expansion match to alumina or fused 
silica substrates, e.g. Carpenter Kovar.RTM., referred to below simply as "Kovar." Ribbon conductor 62 is 
whatever length of 0.020 inch wide gold ribbon is necessary to bridge between carriers 52, etc. Ribbon conductor 
64 is gold, 0.001 inches thick by 0.020 inches wide, and whatever length is needed to span between substrates 60, 
etc. Ribbon conductor 64 crosses the distance between modules 51 at approximately a 45 DEG angle to 
interconnect balanced amplifiers, which have their inputs and outputs located diagonally across. Any interconnect 
angle including 0 DEG (in-line) may be accommodated by modifying the ribbon angle, since the impedance is not 
affected. 

Referring now to FIGS. 4(a) and 4(b), ribbon conductor 64 has a pair of bends 66 that help to relieve stresses 
caused by thermal expansion and contraction and also to aid in assembly alignment. A width dimension 68 is 
critical to achieving a fifty ohm impedance of ribbon conductor 64 over ribbon conductor 62 between modules 51 . 

An exemplary embodiment of the present invention is shown in FIGS. 5(a), 5(b), and 5(c). A housing, referred to by 
the general reference numeral 70, has three cavities 72, 74, and 76. A coaxial input feedthrough 78 and an output 
feedthrough 80 are soldered at opposite ends of housing 70. Standard microwave connectors are then used to 
mate with the feedthroughs. Cavity 74 is designed to contain a series of modules that operate in the 18-40 GHz 
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band and are supported by lower frequency power supply and control modules to each side In cavities 72 and 76. 
Cavity 74 must be narrow enough so as not to act as a waveguide for the operating frequencies or else microwave 
absorptive material must be included in the cavity. This means that modules placed within cavity 74 will have 
dimensions on the order of 0.200 inches by 0.140 inches, or smaller. A plurality of shallow slots 82 allow small 
ceramic dielectric capacitors to be attached within them, and are used to bond lower frequency conductors 
between cavity 74 and cavities 72 and 76. FIG. 6 reveals a lip 84 in housing 70 that is similar in function and use to 
lip 54 of module 51 . A number of modules 51 are queued off of lip 84 within cavity 74 and arranged end to end 
such that ribbon conductors 62 may be welded between adjoining lips 84 & 54, 54 & 54, and 54 & 84. 

In FIG. 8 the housing 70 has 18-40 GHz modules 51 arranged end-to-end in cavity 74. Support circuits are to each 
side in cavities 72 and 76. Ribbon conductors 64 interconnect the modules 51. FIG. 9 is a close-up view of a GaAs 
FET amplifier module 51 (details of which are omitted for clarity) and ribbon conductors 64. Ribbon conductor 64 is 
attached by welding at an angle to module 51 . In FIG. 10, carrier 52 has two lips 54. Carrier 52 is typically made of 
Kovar, molybdenum, or other metals. A substrate, e.g., substrate 60, is bonded to carrier 52. Gold plating carrier 
52 facilitates soldering, welding, and bonding operations necessary in the assembly of module 51. 

An alternate embodiment of the present invention is shown in FIG. 1 1 . This embodiment is preferred for modules 
with in-line inputs and outputs. A connection system, referred to by the general reference numeral 90, has a ribbon 
92, which has a width 94 that is approximately the same as width 68. A pair of stress relief bends 96 are included 
in ribbon 92. 

While the performance and manufacturability of the 18-40 GHz amplifier described above are greatly enhanced by 
the present invention, many other microwave products would also benefit in similar fashion. The present invention 
may be applied, in general, to any active or passive microwave module with one or more microstrip transmission 
line inputs or outputs. This includes, but is not limited to, amplifiers, attenuators, limiters, filters, switches, mixers, 
power dividers, detectors, oscillators, multipliers, and cascades, or combinations of two or more of these. These 
modules may incorporate one or more monolithic integrated circuits. Microwave sub-systems, which are cascades 
or combinations of these modules, can use the present invention to improve VSWR performance between modules 
at frequencies where the prior art techniques had been marginal and will extend modular construction capabilities 
to at least forty GHz. 

Although the present invention has been described in terms of the presently preferred embodiments, it is to be 
understood that the disclosure is not to be interpreted as limiting. Various alterations and modifications will no 
doubt become apparent to those skilled in the art after having read the above disclosure. Accordingly, it is intended 
that the appended claims be interpreted as covering all alterations and modifications as fall within the true spirit 
and scope of the invention. 
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Claims 

What is claimed is: 

1 . A microwave module, comprising: a carrier having at least one lip upwardly raised from the floor of said carrier at 
an interfacing edge, said raised lip operable to attachably receive a first RF conductor, said first RF conductor 
being a ground conductor; and a substrate attached to the carrier having an RF transmission line operable to 
attachably receive a second RF conductor such that said second RF conductor will have a characteristic 
impedance of under 100 ohms by virtue of the disposition and size of said second RF conductor. 

2. The module of claim 1 , wherein said first RF conductor is a first ribbon conductor. 

3. The module of claim 2, wherein: the carrier is conductive, whereby electrically conductive attachment of said first 
RF conductor is facilitated. 

4. The module of claim 2, wherein: said second ribbon conductor is attached at an angle to the substrate and 
parallel to the plane of said first ribbon conductor. 

5. The module of claim 2 wherein: said raised lip is raised at least 0.005 inches from the main body of the carrier. 

6. The module of claim 2 wherein: the carrier is conductively plated, whereby electrically conductive attachment of 
said first RF conductor is facilitated. 

7. A connection system between microwave circuit modules, comprising: a first raised lip of a first metal carrier at 
an edge of said first carrier; a second raised lip of a second metal carrier at an edge of said second carrier; a first 
ribbon conductor having (1) a first edge attached to the first raised lip, and (2) a second edge attached to the 
second raised lip, such that the distance between the first and second raised lips is bridged; a second ribbon 
conductor having (1) a first end and a second end, said first end attached to a first RF conductor on a first 
substrate over said first metal carrier, and (2) said second end attached to a second RF conductor on a second 
substrate over said second metal carrier, the second ribbon conductor having a combination of width and height 
spanning over the first ribbon conductor such that a constant impedance is maintained. 

8. The system of claim 7, wherein: said constant impedance is substantially fifty ohms. 
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9. The system of claim 7, wherein: the first and second ribbon conductors are attached by a conductive attachment 
means. 

10. The system of claim 7, wherein: the second ribbon conductor spans the distance over the first ribbon conductor 
at approximately a 45 DEG angle to the first ribbon conductor. 

1 1 . The system of claim 10, wherein: the second ribbon conductor is approximately 0.020 inches wide. 

12. The system of claim 7, wherein: the second ribbon conductor is gold ribbon, approximately 0.001 inches thick 
by 0.020 inches wide. 

13. The system of claim 7, wherein: the second ribbon conductor comprises a flexing means to absorb the stresses 
of thermal expansion and compression between its points of attachment. 

14. The system of claim 13, wherein: the flexing means comprises bends formed in at least one place across the 
width of the second ribbon conductor. 
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5t? mmmm^te£immim\ziir>7:\z&\,w s m&3 



5 

fc MR2 8©*7y*>^*«<Jfe*n 

-;V18. 2 0, XI4 2 2tJClB#»ntf> ■*©*$*:! 

S«2 8 t/\W>ifl 1 tO-f^7x-Xfc*W 
X#*$'flM©*«*#SSlcftDt mftwa 

[0 0 0 9] Lfc^oT. *5898<01»tt. 18 GHz 

[ooio] #jMi©S&fc*B©B«ftk AMBtt-klc 
[0 0 11] #»91©S&fcte©B»W:, «¥&-«« 
[0 0 12] 

[MMJ*&T*&»©ra #fS9i©w 

>^^x— »^X^>?fCfeV^Ttftiafi# (c a r r i 
e r) CO* (f I oo r) #6©St&Jblf StlfcU 

ciip) &fts, y ±»y*>^ye 

as2©y iMB#ffl#©-fc©x«-t©RF 

Rtft9Ey#>3iw©*»ffi«)-tfc5RW»an*. #H2 
■ 2 © y * >*#©n t«riBS«w©±©iW2*t*arr 

- ^>x*iN*r* z. 

[0 0 13] 5 0 Q0H >lf-^>X 

[0 0 14] *AH4)tt®Hja[tt. VSWRttlW-i 



#W4-2 2 7 1 0 1 

[0 0 15] *»w©«flD3fflj&ra:. ±«7-k>^y*«* 

[0 0 16] *»K0><B(DfJA«, ^©JUK&imtf 
[0 0 17] #MK©«©*WLtt* &Jfe»K£@<TS 

[0018] *»w©tt©«jaw*> &%*«!#&#«© 
mEy#>»#*abT«Etia©T, wsba^>^ 

[0019] *Mw©«©MAia» swnr^-fex^ * 

fc»tK cinfc^oT, X^3^«3^^^v manna 
*99+ Rtf-t©te©n^i7^3&««*ftUd^a:AT 

[00203 #5MB©cn&jfct«a©BKrfc*ijflU4* * 

[0 0 2 1] 

rain #2&ra©#a«*«is, 5 o Qtemmtmifc 
fllAfcja***^*, #*©*$> a.-****. S3 

(a) (b) K*i^T. *ft«93lffi«F#5 0K«ko 

#^^^5 1Kfi*5 2&i^ S#5 2«C 
©}S#©_h«±©j£ 5 6 54% iitf ^n*:-**© y y 

tf, A^$?>^1 l©rt«C*D«»t6tlTVi6. "J* 
^5 4H -~#©ftll<f ^7iH 5/>afXy5?5 8C 

^5#*t«»©stn*«!iirr*ci^ & 

WW'S. T;l/5±> WX^>» ^y 
> UT (beryl 1 ia) , *9S^^»©J:5a:* & 

^63^©^■aft■l«fl^Tffsl^fc«R6 0tt, ffi# 

5 2fcJR?)#lt6n** U#>**6 2H ^a-JP 
5 lM©m»WK— «fc«*iB**JW*J:3fc. 1* 
©*$>»— ;W 5 1 ©rt©»«'T«^E> ? 3.-;V-b©y 
54WWty^S8(gap meld) 3hWX 
tt*«»fc*Dmt6nTV>«i. »20i»U*>6 4 
14* «R6 0±©RFW»fc««*tlWS. »J*>* 

syftj»^*-rsy#>»»6 2©±©*s^jg«i*e. 



••I • 
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coeasKfleftSE-rsaiiftrjc^sctt, m»x*> 

K— y>xa*»#£*lS. 0. 5 0 8mm<Z>tt<0U#> 
iO. 1 0 2mm(DXA>iS^^<fc^r> #S)5 0Q-f> 
fcr-^>X**»&ftS, >Jy^5 4lt 0. 2 5 4mm 
(WPS<DSffi6 O<0»<S\ AMWfcte. ^5 655^0. 
1 2 7mm^J:^ ( fi#5 2 tt. Allftfctt. (U 
y^5 4S^T) 0. 7 6 2mm<Z>JP$, 4. 9 5 3 
mmOg$, &rX3. 4 2 9mm©IWo ffi#5 2 

n, ^>^rr/t— ;^ (Carpenter 

Kovar, S»ISS) (fiTF*fc* " 

TS) T^StlS* U3p>*fr6 2«, 0. 5 0 8mm 

S:££<D&U#>T&* 9 U#>»#6 4'&&l}#>T 
$>tK 0. 0 2 5 4mmC0P$, 0. 5 0 8mm|^ 

>I^5 li»4 5' 0*tflH?^a— /I^5 1 

xi*s„ c:n«ffirlB-r>t!-^>x^c:©^«&s^ 

[0 0 2 2] 04 (a) (b) £#BSTS 

#6 4^5 oo'f>t:^>x§Mn^^ 
Tabs. 

CO 0 2 3] #589i<*>*iB*tt*B5 (a) , (b) 
(c) IC^ntt^o A»»5I*«P*7 o-krs*« 

AtfS^jftt* 3O0Si7 2, 7 4, Rtf7 6^U 

y — fxjp— fc**#2bT£n*. ^M7 4H — j*<&^ 

3>a.— iPSiRST^, ^tl5©€^a-;Vtt, 18-4 
0GHzf«rtT»ffU fi3iSS«iS^i7 2, 7 
6 Wz&mzW8ZftZfflW*i?3L—Mz<kz>X3£&t< 
$fl7 4H »^IiSS^lT8SftlTl 

Cfctt, aM7 4ne«*ri« : e^3.-»iWKl5. 0 8 
mm X 3 . 5 5 6 mm^T©fS£ft5 jfttt 



(5) ttH¥4-2 27 1 0 1 

t5 4 at^a^XDy K8 2*t/WB<Biz^5 5>£«« 
hB 2«^?17 4£^?P!7 2, 7 6 fcOBBtefiHtt 

5105^54 t mm±TkzfBim _mwh<d a 

7 0«©U^y8 4<£^To l)404W6 2*Hd9U 
y:/8 4i:5 4ih<BfB* 54<h54£CDW % R£*54<L 
5 8 fc©BfclMreS*J:5fc, «tfl)Wa-*5 1 
tt* ^7 4|*TU?:?8 4aa»&fttU ffi^iStm 
10 ^m>^t>^\zWMi*nz>« 

[0 0 2 4] B8K:«tr>T» )\wy#i o\t, 

4ft\z. mtm^\^te&t>it\z$intstiiti 8*4 o 

7 Qfc\Z&mz$>Z> 0 Vtf>m»&4\* % ^J=l-)V5 
1 £ffi5SMKUXV>£* B9te, GaAs FETifiS 

*»U#>W#6 4<0iS*IST?*So U#>W#6 4 
fciU ^^rL-;l/5 l^L.T2fe<5^T*«(C^r)SCD 
WltStlTV^, HI Ofclfclvt, S#5 2tt2^C0U 

;u ^u^x>. x^-e<z>ffico^«^^nSp i^<z> 

S«> 01*^ Sfc6 Oti, £#5 2fc«H£3nS 0 & 

V>S. CKDSOtWfc -^Jfc^Ayft:A*Rrrffl*&«^ 
S^a-;l/fcJf?5SX&So i*W?lffiff§9 0fao 

50 *U#>»fl:9 2<3[)fli9 4tt«6 8tSSHCT!» 
[0 0 2 6] 1^1 8-4 0 GHz ^iHSBCDfttgRtf 

&mmv4 #u&*i?*-Mz%mm^mv»z>. -cr> 
i^ft^^a^tim KTfcuassnsiRTttft 

40 ««@ig> W®«> X-f 

S-&S> «^74>«g, ttffiS. (mu 1 

tipller), &^^n^CD2^±O^X^r-^ 
xun&&t>-&&&2> 9 :n5M^o,-JHt lOK 

n ^ ^o. -;1/cd^ x ^r- H xwa-s^* S T-f 

a £33 ir> x^E it*. — ;VWcd v s w RtttB ^ra_h-T S ^ae> 

\z*9&w*mmrz>z:2i&T?^ i^^^-)vmm<o 

fttt&*»< tt>40GHz ^Xl£55TSX2feS^ 0 
50 [0 0 2 7] *»^«affiW»Miai«IJ3j:oXKK3 



—5 — 



(6) 



l»W4-2 2 7 1 0 1 
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ft<Sf!eKfc£-e&;55o Ifc^oT, ^ff»*cDieH 

[01] $fefra«<DGaAs FET»HIY< 
»2C!)^-X4*tET*ot, (a) tt*0>JSHH» 

(b) te-£0«S0, (c) l»©^~X©;&/t--«* 10 5 1 
UTftKCD^^a-J^itfclfflH, (d) t«-<0* 5 2 
M0T&*. 5 4 

[0 2] 01^frtSMffi J 6> ? ^-;V&^^^#>l i 5 6 

otmcwrrmHr**. 5 8 

(a) «*C0«HH. (b) ^CD^ffigfTfe 6 2 

So 6 4 

[043 0 3CDU#>*#£*vr0T> (a) te^O-h 6 6 

WW* (b) l«©«BBrC**. 6 8 

[053 *ftmz&vfcmznitJ\V5?>?<omm9i& 20 70 

jftTBT, (a) «^(D±m0, (b) tt*(D«Bf0, 7 2, 

(c) te-££tfgffi0T&So 7 8 
[0 6 3 0 5 \Z7fil,rzL/\W>£f<7>W 5 f 8 0 

mvmwm-c&z* 82 

[0 7 3 0 5 \Z7riLfr/\W>>f<Dm 5 *S>*7 - 7 tC 8 4 

»3HtBHT**. 9 0 

[0 8 3 0 5^bfcA^^>^COl/3CC>±IK*aA0 9 2 

-e&oT, wfflfflrtfcsotttfenfc^irDWs; 9 4 
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[0 9] 0 8P»3OR^H^n^9T^^nft:irga : tv ! 

[01 03 **w*«*r«a#»a-nnr% (a) « 
^*<d±b0. (b) «-eoMM0. (c) ttcmmm 
Tab -5« 

[01 1] m*UL1ZX*RTSmtin*>?2&ffiZ%*z 

[fl«<z>fft9t] 

5 0 «(■• 



rj3p>## (6 4) C2>« 

7 4, 7 6 
A^^-FX;^- 

XDy h 

g#>*# (9 2) <D« 



[01] 



(a) 



10^ 

11 Hffl-T 4 i ^BBD Ue 



[06] 






—7 — 



(8) W»¥4-2 2 7 1 0 1 




(51)Int.Cl. s lfrt«S#^ FI fttSS^RttBr 

HO IP 1/04 7741—5 J 

3/08 7741-5 J 

5/08 L 7741-5 J 
H 0 3 F 3/60 8836-5 J 
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